Abstract Light-sheet microscopy (LSM) has proven a useful tool in neuroscience to image whole 
Introduction

27
The brain is an immensely complex entity in which structure and function are intricately corre-28 lated and best elucidated on a organ-wide scale at cellular resolution. One technique, which is 29 particularly suited for whole-brain investigations, is light-sheet microscopy (LSM) (Siedentopf and Each half of the brain was excited by one light sheet respectively. White box marks position of details in the hippocampus affected by streaking artifacts for Gaussian (b) and Bessel (c) beam illumination respectively. Scale bar µ . d) Line profile averaged over the entire height of the inset evidences the shadows as drops in the red curve. e) Calculating the absolute value of the difference in intensity line profile between Gauss and Bessel allows to estimate the area affected by streaking artifacts by applying a threshold (here %). Applying this threshold to stitched images of half a brain (left half in a) (f) over a depth of µ with a step size of µ yielded that . %± . % (error is standard error of the mean, sem) of the data set was affected by streaking artifacts. the Bessel channel located in pixels of non-zero intensity in the Gaussian channel was 0.62 ± 0.02 104 whereas the corresponding value for the Gaussian channel was 0.87 ± 0.01 ( < 0.0001, paired t-test, 105 n=39, error is sem). Broadly speaking this signifies that while 87% of the image content present in 106 the Gaussian channel was also present in the Bessel channel only 62% of the image content present 107 in the Bessel channel had corresponding content in the Gaussian channel. ) shown along yz and xz for Gaussian (Bessel) illumination. h,i) 3D projections of the segmented data corresponding to the red and cyan ROIs indicated in (b,c). j) Manders coefficients averaged over a µ stack comprising images in (d,e) for Gaussian and Bessel illumination. The fraction of total intensity in the Bessel channel located in pixels of non-zero intensity in the Gaussian channel was 0.62 ± 0.02 whereas the corresponding value for the Gaussian channel was 0.87 ± 0.01 ( < 0.0001, paired t-test, n=39, error is sem) Figure2- . Red blood cells (red arrow heads) passing through vasculature (green arrow head) dynamically absorb or scatter the excitation light sheet (yellow arrow) and create areas of strongly fluctuating shadow artifacts (white arrow head). Scale bar: µ . f) Projection of the standard deviation over ≈ of a time lapse recording on the plane shown in panel e. g) Inset of area indicated in f, each of the three segments of vasculature (green arrow heads) causes a corresponding area of high standard deviation of the fluorescence intensity (white arrow head). h) Quantification of 2D area strongly affected by flickering for Gaussian ( . % ± . %) and and Bessel beam illumination ( . % ± . %) ( < 0.0001, paired t-test of n=18 planes in 10 larvae aged 4-5 dpf, error is sem). Tricaine ( − ) was added to the fish water. (Figure 3-g ).
125
In this section we evaluate to which extent flickering potentially masks or even falsifies neuronal various depths in N=7 larvae of 4-5 dpf, error is sem) constituting a five fold increase in sensitivity.
151
Statistical analysis of reduced sensitivity and accuracy
152
The previously reported increase in baseline noise directly reduces the sensitivity to calcium tran-153 sients. In this section, using statistical arguments, we quantify the loss in peak detection and activity The samples were then washed with PBST ( . % TritonX in 1X PBS) twice for each at room 332 temperature. CLARITY-processed mouse brains were optically cleared using 2,2'-thiodiethanol (TDE), The Netherlands).
400
Zebrafish husbandry and larva mounting 401 We generated two stable zebrafish transgenic lines using a Tol2 construct with elavl3 promoter that (Figure 7-b) and secondly, the baseline of the traces were calculated using the msbackadj function. Thirdly, at LENS for the production of custom pieces and advise on structural stability in sample mounting. The paraxial Helmholtz equation governs diffraction phenomena and, most typically, its solution describes the propagation of electromagnetic waves in the form of Gaussian beams. However, alternative solutions exist in the form of diffraction-free modes, most notably Bessel beams (Durnin et al. (1987) ), whose central core can be extremely narrow without being subject to diffraction (McGloin and Dholakia (2005) ). Due to finite apertures necessarily limiting the realization of such beams experimentally, only Quasi-Bessel beams can be generated for which the propagation invariance holds true over a finite propagation range (Durnin et al. (1988) ). A simple way to create a Bessel beam is by superimposing plane waves whose wave vectors lie on a cone using a conical lens (Indebetouw (1989), Figure Box 5-a) . where is the radius of the Gaussian beam impinging on the axicon and Θ is the Bessel beam cone aperture depending on the refractive index and angle of the conical lens : . Light-sheet microscope for functional imaging. a) A diode laser at was used to excite GCaMP6f and an acousto optical tunable filter (AOTF) was used to regulate power. The light sheet was created digitally with a galvanometric mirror (galvo) which was re-imaged onto the back focal plane of the excitation objective (4x, 0.13 NA, air immersion, Olympus, Tokyo, Japan). Fluorescence was detected by a water immersion objective (20x, 1 NA, water immersion, Olympus, Tokyo, Japan) and imaged with a tube lens onto the chip of a fast sCMOS camera. Flip mirrors were used to direct the excitation light into an alternative path with an axicon to generate a Bessel beam. b) Sample mounting: zebrafish larvae were embedded in low-melting point agarose and drawn with a syringe into a glass capillary. The capillary was mounted onto an x-, y-, z-, Θ-stage. The first row refers to data obtained with Gaussian illumination while the second row was obtained with Bessel illumination. The raw data stack (a,f) was first temporally downsampled by calculating projections of the STD over 5 frame windows. Those STD stacks (b,g) were then treated over the entire image to further enhance the flickering areas, evidenced as bright horizontal stripes, using Gamma, Band path filter (BPF) and variance filter. The resulting time lapses (c,h) are projected along z to create single STD images, which were adjusted to the same brightness scale before a common threshold was applied to binarize them (d,i). The binary images were then evaluated with a custom-written LabVIEW program to automatically localize the "blobs". The bounding boxes (e,j) were used to calculate the overall area affected by flickering. See methods for details. (a) from n=625 cells with inhibited activity (Tricaine) an average baseline noise was calculated using a pair-wise t-test for Gaussian and Bessel beam illumination respectively (b). This noise level was used as amplitude to generate random white noise (c) which was point-wise multiplied to 746 dF/F traces measured with Bessel beam modality (d). By defining the 746 synthetic noise-free traces as ground truth (native), we obtained three data sets that we compared by respective cross correlation. (e) Average absolute cross correlation coefficient (ccc) ( < 0.0001, t-test, n= 277885 corresponding to 746 cells, error is sem, NS: not significant). To obtain a measure of accuracy, we subtracted the Gaussian cross correlation coefficients from the native counterparts (f). The histogram of this distribution (g) yielded a mean indicating a bias of a measurement made in Gaussian modality, whereas the STD is a measure for its accuracy. 
